Although it is beyond any doubt that smoking is the number one preventable cause of death in most countries, smoking as an independent progression factor in renal disease has been questioned against the background of evidence-based criteria. This is because information from large, randomized, prospective studies that investigate the effects of smoking on renal function in healthy individuals as well as in patients with primary or secondary renal disease are lacking. Since 2003, a substantial number of clinical and experimental data concerning the adverse renal effects of smoking have been published, including large, prospective, population-based, observational studies. These more recent data together with evidence from experimental studies clearly indicate that smoking is a relevant risk factor, conferring a substantial increase in risk for renal function deterioration. This review summarizes the present knowledge about the renal risks of smoking as well as the increased cardiovascular risk caused by smoking in patients with chronic kidney disease. The conclusion is that smoking is an important renal risk factor, and nephrologists have to invest more efforts to motivate patients to stop smoking.
C hronic kidney disease (CKD) is a growing worldwide problem that is increasingly shown to be interwoven with cardiovascular disease (CVD) and smoking. The prevalence of CKD in Western populations is high (1) (2) (3) , and the number of patients with ESRD has increased dramatically in the past few decades. This rise is expected to continue, particularly in developing countries, where smoking and other cardiovascular risk factors are increasing substantially (4, 5) , and will be paralleled by rising CKD-and ESRD-related costs (6, 7) .
A tight relationship between CKD and CVD has become apparent: On the one hand, CKD and its epiphenomena increase the risk for CVD (8) ; on the other hand, CVD accounts for the majority of morbidity and mortality in patients with CKD (6, 9) . Diabetes and hypertension are widely acknowledged risk factors for kidney damage, and data increasingly indicate that smoking can have a negative effect on the kidney (for review, see references [10 -12] ). The consequences of cigarette smoking for patients with CKD could be severe, affecting both the progression of CKD and CVD; however, this is not sufficiently acknowledged by physicians and patients with CKD. The lack of any change in smoking behavior of patients who initiated renal replacement therapy between 2000 and 2005 (13) document the need to improve smoking cessation rates in renal patients.
This article reviews the current knowledge about (1) the adverse effects of smoking on kidney function, (2) the mechanisms of smoking-induced renal damage, and (3) the adverse effects of smoking on CVD morbidity and mortality in renal patients. In addition, we outline a feasible smoking cessation intervention adapted to renal patients.
Smoking-Associated Renal Risk

General Population
Until 2003, the data on the risk of smoking-associated CKD in patients of the general population were scarce. The Multiple Risk Factor Intervention Trial (MRFIT) investigated 332,544 men and documented that smoking was significantly associated with an increased risk for ESRD (14) , but the magnitude of the effect was not reported, and no baseline creatinine and proteinuria measurements were available. The study by PintoSietsma et al. (15) involved 7476 participants of the Prevention of Renal and Vascular Endstage Disease (PREVEND) trial. They found a correlation of urine albumin excretion rate with the number of cigarettes smoked. After adjustment for potential confounding factors, current smokers who smoked Ͻ20 or Ͼ20 cigarettes per day, respectively, had an elevated risk for high-normal urine albumin concentration (relative risk [RR] 1.33 and 1.98, respectively). Halimi et al. (16) studied 28,409 volunteers from the general population. They found that current and former smokers had a marked risk for macroalbuminuria (adjusted RR 3.26 and 2.69, respectively), indicating nonreversible kidney damage related to smoking. Smokers had a slightly but significantly higher creatinine clearance than nonsmokers, at least in men, leading to the hypothesis of smoking-induced hyperfiltration (11) . The study of Briganti et al. (17) , involving 11,247 randomly selected, population-based Australians, showed that lifetime smoking exposure was significantly associated with CKD stage 3 or more in men but not in women. This finding raised the hypothesis that men may be more susceptible to the adverse renal effects of smoking (18) . Furthermore, lifetime smoking exposure was paralleled by an increment of urine protein excretion, independent of gender. This increase was particularly marked in individuals with high-normal systolic BP and postload glucose concentrations.
One of the first cohort studies that focused on change in kidney function related to smoking analyzed data that were obtained from 4142 nondiabetic participants of the Cardiovascular Health Study Cohort (19) . After adjustment for potential confounding factors, the number of cigarettes smoked per day was highly correlated with progression of CKD. For every five cigarettes smoked per day, the RR for an increase in serum creatinine Ն27 mol/L during a minimum of 3 yr increased by 31%. The corresponding increase per 10-mmHg rise in BP was 16%. Some other mostly small retrospective studies from this period documented a higher risk for increased urine albumin excretion indicating renal damage in smokers as compared with nonsmoker (for review, see references [10 -12] ).
Since 2003, smoking as a renal risk factor in the general population has been addressed in several studies. Two studies found no effect of smoking on renal function (20, 21) . The study by Vupputuri and Sandler (21) was a case-control study (n ϭ 1070) that was penalized by its retrospective nature and investigation of incident CKD only. The other study used baseline data of the PREVEND trial (20) . In a cross-sectional analysis, no contribution of smoking, cholesterol/HDL ratio, and antidiabetic medication was found; however, a large number of studies have documented a negative effect of smoking on renal function, the most important being that of Haroun et al. (22) : The end point of this large, community-based, prospective cohort study of 20 yr duration was ESRD or kidney disease listed on the death certificate. Current cigarette smoking was associated with ESRD or CKD death in both men (hazard ratio [HR] 2.4) and women (HR 2.9). Similarly, current smoking had an adjusted HR of 1.84 for ESRD after 25 yr in a recent analysis of 12,866 randomly assigned men of the MRFIT (23) .
A recent community-based 10-yr follow-up study from Japan investigating 123,764 individuals aged Ͼ40 yr (24) found that smoking was a predictor of CKD in men and women (RR for CKD stages 3 and 4 1.13 and 1.16, respectively). Equal risk in men and women was also found in a population-based, crosssectional study from Norway involving 65,193 individuals (25) . A significant, dosage-dependent increase in risk for CKD (GFR Ͻ45 ml/min per 1.73 m 2 ) in men and women was seen above This was independent of baseline serum creatinine and argues for smoking being a very important risk factor for CKD in elderly individuals, also confirmed by a recent Southeast Asian population-based study (27) . Only a little information is available about the type of CKD associated with smoking. In a population-based, case-control study, Ejerblad et al. (28) documented that the strongest association was found with nephrosclerosis, but significant positive associations were also reported for glomerulonephritis. Taken together, recent studies clearly document that smoking, particularly heavy smoking and high cumulative smoking exposure, is an independent risk factor for CKD in both male and female individuals of the general population.
Patients with Diabetes
From 1978 to 2003, numerous studies (for review, see references [11, 12] ) accumulated evidence that smoking promotes the progression of all stages of diabetic nephropathy to a similar extent, both in type 1 and type 2 diabetes: It (1) increases the risk for development of microalbuminuria, (2) accelerates progression from the stage of microalbuminuria to macroalbuminuria, and (3) accelerates progression from early stages of diabetic nephropathy to ESRD. Some of these studies were hampered with methodologic problems, however.
Recent prospective studies have strengthened these earlier findings: De Boer et al. (29) reported important data from an observational extension of the randomized prospective Diabetes Control and Complications Trial (DCCT). Among 1105 patients with type 1 diabetes and normal urine albumin excretion at baseline, a 4.3-fold greater rate of GFR decline (measured by [125] -iothalamate clearance) was observed in active versus nonactive smokers (Ϫ0.77 versus Ϫ0.18 ml/min per 1.73 m 2 /yr). Additional data were provided by a prospective observational study involving 227 white patients with type 2 diabetes and nephropathy (30) . The patients were followed for 6.5 yr, and a mean of seven measurements of GFR (using 51 Cr-EDTA plasma clearance) was performed per patient over time. A faster rate of GFR decline was independently associated with heavy smoking. Several smaller prospective studies have confirmed the deteriorating effect of smoking (31) (32) (33) .
A cross-sectional study that evaluated 32,208 patients with type 2 diabetes and without known albuminuria adds further information regarding the early stage of diabetic renal involvement (34) . Smoking was an independent risk factor for increased urine albumin excretion. A follow-up study of 185 patients with type 1 and type 2 diabetes with and without nephropathy found that smoking independently was associ-ated with a decrease of estimated GFR (35) . This was also independent of proteinuria.
In summary, several recent studies document that smoking is a risk factor for all stages of diabetic renal damage. The impact on the rate of progression seems to be substantial, resulting in a shortening of the dialysis-free interval. Further studies to investigate the magnitude of the acceleration of progression rate and the dose-response relationship are necessary, however.
Patients with Primary Hypertension or Primary Renal Disease
It has long been known that smoking is a strong predictor of increased urine albumin in patients with primary hypertension (for review, see references [11, 12] ). A recently published prospective 7-yr study that investigated 225 patients (36) found that estimated GFR declined faster in patients with "severe" as compared with those with "mild" hypertension, and GFR declined faster in smokers versus nonsmokers, independent of urine albumin/creatinine ratio. Whether smoking also increases the risk for ESRD in these patients is unproved, however: A prospective study including 5730 black and 6182 nonblack hypertensive men aged 52.5 Ϯ 0.2 yr did not find an association between smoking and ESRD during a minimum of 13.9 yr of follow-up (37) .
It seems plausible that the diseased kidney is particularly sensitive to the potential adverse effects of smoking. The available data on this issue are limited, however. A retrospective case-control study in patients with IgA glomerulonephritis and autosomal dominant polycystic kidney disease was the first to document an increased risk for ESRD in the 144 male patients investigated (38) . The risk increased with the amount of cigarettes consumed over time. After adjustment for possible confounders, multivariate analysis revealed that the risk for ESRD was excessively high in patients who had not been treated with an angiotensin-converting enzyme inhibitor. A recent study of 554 patients with autosomal dominant polycystic kidney disease did not find, however, that cigarette smoking influences the disease course (39) . Concerning systemic diseases with renal involvement, only two studies with contradictory results in patients with lupus nephritis are available (40, 41) .
Taken together, the evidence for smoking as a renal risk factor in patients with primary hypertension or primary renal disease is limited, and the available studies do not provide satisfactory proof for the adverse effect of smoking. More prospective studies are needed to get a definite answer.
Patients with a Renal Transplant
Important evidence documenting that smoking is a risk factor for progressive loss of renal graft function has accumulated during the past few years (for review, see references [11, 42] ). A cohort study of 645 adult renal allograft recipients found that smokers had significantly worse kidney graft survival as compared with nonsmokers (84, 65 , and 48% at 1, 5, and 10 yr, respectively, versus 88, 78, and 62%). Pretransplantation smoking adversely affected death-censored graft survival in recipients of cadaveric (P ϭ 0.02) and of living-donor kidneys (P ϭ 0.02), independent of acute rejection episodes. In a multivariate analysis, pretransplantation smoking was associated with a RR of 2.3 for graft loss. Among patients with a smoking history, death-censored graft survival was significantly improved by quitting smoking before transplantation. This finding is of major importance for the treatment of patients who have CKD and are considered for renal transplantation.
Other studies have also found a negative effect of smoking (43) (44) (45) . Of the 279 patients who were investigated in an Austrian study (45) , smokers had higher serum creatinine values (2.3 Ϯ 2.7 versus 1.8 Ϯ 1.4 mg/dl; P ϭ 0.21) and tended to develop transplant failure (33.3 versus 21.2%; P ϭ 0.25). Significance may have been missed as a result of insufficient statistical power, particularly because of the small number of smokers included in the study. Others found only a negative impact of smoking on graft survival, which was not censored for recipient death (46) . Of note, one study documented that the donors' history of smoking was an independent risk factor for shortened graft survival (43) . This deserves further investigation and, if confirmed, should be considered in the validation of organ quality.
New Insights into the Mechanisms of Smoking-Induced Renal Damage
Investigations of the mechanisms underlying the adverse renal effects of smoking are hampered by several factors. First, renal susceptibility genes or polymorphisms may play a role, influencing the magnitude of the nephrotoxic effect of smoking in different individuals. Second, it has become clear that multiple complex and heterogeneous mechanisms play a role. This may be complicated by several yet unidentified confounding factors that are associated with smoking or interact with smoking. Third, more than 4000 chemicals in the form of particles and gases that are found in cigarette smoke could be responsible for its nephrotoxic effect. Potential mediators of smoking-induced renal damage can be subdivided into nonhemodynamic and hemodynamic mechanisms. An overview of potential mechanisms is given in Figure 1 .
Nonhemodynamic Mechanisms as Potential Mediators of Smoking-Induced Renal Damage
Endothelial cell dysfunction, activation of growth factors (angiotensin II, endothelin-1, and TGF-␤ 1 ), tubulotoxic effects, oxidative stress, increased clotting of platelets, impaired lipoprotein and glycosaminoglycan metabolism, modulation of immune mechanisms, vasopressin-mediated antidiuresis, and insulin resistance all are affected by smoking exposure (for review, see references [11, 12, 47] ). We focus on more recent data that implicate additional mechanisms.
In an in vitro study that used human mesangial cells, Jaimes et al. (48) reported that nicotine induced cell proliferation and increased fibronectin production by 50%. Both mesangial cell proliferation and increased production of fibronectin are players in the progression of CKD. This study documented that nicotinic acetylcholine receptors, which mediate cell proliferation (49) , are expressed on human mesangial cells. A study that used rat mesangial cells documented that exposition of these cells to cigarette smoke concentrate induced an increase of TGF-␤ 1 , a major player in the genesis of renal fibrosis, and 8-epi-PGF2␣, a marker of lipid peroxidation (50) . Similar results were found in other experimental models and in humans (51) (52) (53) . It is interesting that in nonmacroalbuminuric patients with type 2 diabetes, cessation of smoking led to a significant reduction of urine TGF-␤ 1 excretion, which implicates a beneficial effect of smoking cessation on progression of early diabetic renal damage.
Other environmental and occupational exposures may influence the magnitude of renal damage that is conferred by smoking. Cigarette smokers are exposed to significant amounts of cadmium (Cd) and lead (Pb) (54) , which accumulate in kidney tissue more than in any other organ and are toxic at very low dosages (55) . According to studies from Egypt, smoking has toxic effects on tubular cells, which are synergistic to occupational Pb (56), mercury (57) , and silica (58) exposure. Dietary Cd and Pb seems to confer mild tubular dysfunction, whereas dietary exposure plus cigarette smoking is associated with tubular plus glomerular dysfunction (59) . The dietary risk for renal Cd toxicity in the general population of the United States (60) and Japan (61) seems to be negligible, provided that no additional exposures from other sources are present. Concerning Cd, smoking 20 cigarettes per day for longer periods of time leads to 45 to 70% higher accumulation dosages of Cd in the renal cortex (60) . In patients who are at high risk for CKD, the burden of cumulative exposure to these nephrotoxins that is conferred by smoking may increase its impact on the kidney: In individuals with diabetes, low-level Cd exposure has been associated with early onset of diabetic nephropathy (62) . Despite the compelling evidence for a causal relationship between smoking and these mechanisms, the magnitude of the effect of the various mechanisms that contribute to renal damage remains unclear.
Hemodynamic Mechanisms as Potential Mediators of Smoking-Induced Renal Damage
BP and heart rate are increased by smoking, which for the major part is due to the action of nicotine (for review, see reference [10] ). Because increased BP is one of the most important factors promoting progression of CKD, it is likely to play an important role in mediating smoking-induced renal damage. The rise in BP is due to an increase in cardiac output and total peripheral vascular resistance. The BP rise appears immediately and occurs before any increase in circulating catecholamines (for review, see reference [63] ). Some data implicate an alteration of the diurnal rhythm of BP in smokers (e.g., a lower night/day ratio of systolic and diastolic BP in healthy smokers as compared with nonsmokers [64] ). Because alterations of the day/night BP profile do have a notable impact on renal (65) and cardiovascular (66) risk, more data on this issue would be of importance. It is of note that smoking interacts with the effects of some antihypertensive drugs. At least in nonrenal patients, smoking blunts the antihypertensive effect of ␤ blockers (67) . Furthermore, in the short term, cigarette smoking blunts the beneficial effect of amlodipine on arterial stiffness (68) .
Besides the aforementioned changes in systemic hemodynamics, smoking alters intrarenal hemodynamics. This has pre- viously been reviewed in detail (10) . In brief, the data available led to the hypothesis of increased glomerular pressure induced by smoking as a result of impaired renal autoregulation, at least in patients with renal disease. In healthy individuals, an increase in renal vascular resistance is observed. This is thought to be "physiologic" and to protect the glomeruli from the increase in systemic BP, resulting in unchanged intraglomerular pressure. The physiologic increase in renal vascular resistance is inhibited by pretreatment with a ␤ blocker (69) , which led to the hypothesis of smoking-induced ␤ 1 receptor-mediated renin and angiotensin II production (12) .
Histopathologic Features of Smoking-Induced Renal Damage
Bangstad et al. (70) prospectively investigated 18 patients with type 1 diabetes and microalbuminuria over 8 yr, and a renal biopsy was performed at baseline and at the end of the study. The progression of glomerular structural damage (matrix and mesangial/glomerular volume fractions, basement membrane thickness) was more pronounced in smokers than in nonsmokers. Baggio et al. (71) performed a renal biopsy study in 96 patients with type 2 diabetes and found that heavy smoking was associated with increased glomerular basement membrane thickness.
Lhotta et al. (72) investigated 107 patients with CKD. Most of them had glomerular disease with marked proteinuria and uncontrolled BP. The only histopathologic alteration associated with smoking in male patients was more severe myointimal hyperplasia of intrarenal arterioles. Concerning histopathologic findings in patients with a renal transplant, the same group reported that fibrous intimal thickening of small arteries was the only significant lesion associated with smoking (45) . Besides the aforementioned study, only one more study in patients with primary renal disease is available: Myllymaki et al. (73) investigated 202 patients with IgA glomerulonephritis. No correlation of smoking habits with histopathologic changes was observed.
Concerning smoking-induced structural alterations of the kidneys of individuals of the general population without apparent renal disease, only little information is available. Arteriolar wall thickening, mainly as a result of fibroelastic intimal proliferation and hyaline thickening in the intima, has been reported, however (for review, see references [10 -12] ). These findings support the notion that the major part of CKD found in smokers of the general population is related to nephrosclerosis (28) . The susceptibility of individuals to develop renal vascular sclerosis is probably influenced by gene mutations (74) , an issue that certainly will be of major interest in the future. That smoking is a risk factor for ischemic nephropathy, which is an increasing cause of ESRD in elderly individuals, is undisputed (for review, see reference [12] ).
Idiopathic nodular glomerulosclerosis has been linked to heavy smoking (75) . Fewer than 50 cases have been documented in the literature so far (76) . Median time from biopsy to ESRD is only 26 mo in one series (77) . In cases of rapid CKD progression in heavy smokers, even in those who quit several years before (77) or do not have other risk factors that might result in vascular injury (78) , this disease should be considered.
Nasr and D'Agati (77) proposed to term this entity "smokingassociated nodular glomerulosclerosis," because the term "idiopathic" does not stand against the evidence of the strong association of nodular glomerulosclerosis with smoking.
Taken together, the histopathologic changes that are conferred by smoking mainly affect the renal artery and the intrarenal arterioles. Potential effects on the glomerular and tubulointerstitial structure seem to be subtle, and larger biopsy studies are needed to investigate this issue further.
Smoking and Cardiovascular Disease and Mortality Risk in Renal Patients
Mortality is high in patients with CKD and outnumbers that observed in the general population by a factor of 10 to 20, with Ͼ50% of this excess burden being attributable to CVD (79) . The association between smoking and cardiovascular mortality has been documented beyond any doubt in the general population (80) . In contrast, the data available in patients with CKD are limited. Because the cardiovascular risk increases with the degree of renal function impairment (81), we discuss patients who have CKD and are in the predialysis phase and patients who have CKD with ESRD that requires dialysis separately. Finally, the specific situation of patients after renal transplantation is addressed.
Patients with CKD (Predialysis Phase)
In a prospective cohort study of 147 patients with stage 3 CKD, the cumulative smoking exposure has been reported to be highly significantly associated with fatal cardiovascular accidents (82) . This was confirmed by recent data from the Cardiovascular Health Study that investigated 5808 patients who were Ն65 yr of age and had CKD (83) . Traditional risk factors including smoking were associated with the largest absolute increases in risks for cardiovascular deaths among patients with CKD. For current smoking, there were 20 extra deaths per 1000 patient-years, which was topped only by left ventricular hypertrophy (25 extra deaths per 1000 patient-years). The association of several risk factors for coronary artery disease (CAD) was studied among participants with CKD in the population-based Atherosclerosis Risk in Communities Study (ARIC) (84) . The RR for CAD was 1.65 for current smoking, 2.02 for hypertension, 3.06 for diabetes, and 1.96 for anemia. This study is important because it documents that CAD risk factors that are known from studies in the general population remain predictive among patients with CKD.
Peripheral arterial disease (PAD) as an important manifestation of atherosclerosis is highly prevalent in patients with CKD (85) and contributes substantially to the increased morbidity and mortality in patients with CKD (86) . In individuals of the general population, current smoking has been shown to be the most important independent risk factor for PAD (87) . In patients with IgA glomerulonephritis, smoking has been reported to be an independent risk factor for vascular disease (88) . In patients with type 2 diabetes, smoking is independently associated with carotid intima media thickness (89), a predictor of cardiovascular disease and all-cause mortality (90).
Patients with ESRD
Smoking is an independent risk factor for arterial calcification in patients with ESRD, which is associated with increased cardiovascular risk (91) . CAD and PAD are particularly common in dialysis patients. In a prospective, single-center study that investigated all incident hemodialysis patients from 1997 to 2003, Koch et al. (92) reported that, at the start of hemodialysis treatment, 38 and 14% of the patients had CAD and critical limb ischemia (CLI), respectively. Patients with CAD and CLI were more likely to be smokers. Smoking, CLI, and age independently increased the risk for death (HR 2.3, 4.9, and 1.1,  respectively) . Smoking, besides other traditional cardiovascular risk factors, has been documented to be an independent risk factor for CAD and PAD in patients with ESRD (93) . A crosssectional analysis of a random sample (n ϭ 4025) of incident patients with ESRD from the Dialysis Morbidity and Mortality Study, Wave 2, revealed that smokers had a 22% greater likelihood of having CAD than nonsmokers (94) . The adjusted OR was 1.44 for smokers versus never smokers. Other studies also found an association of smoking with CVD (95, 96) .
An important study that documented that smoking increases cardiovascular morbidity and mortality in hemodialysis patients is that of Foley et al. (97) . They found that current smoking was independently associated with new-onset congestive heart failure (HR 1.59), new-onset PAD (HR 1.68), and mortality (HR 1.37). This was confirmed by a study that used the Cardiovascular Risk Extended Evaluation cohort database (98) .
Patients with a Renal Transplant
The annual risk for a fatal or nonfatal CVD event is 3.5 to 5.0% in kidney transplant recipients (50-fold higher than in the general population [99] ). It is undisputed that smoking is a risk factor that amplifies the risk for fatal and nonfatal CVD events in kidney transplant recipients (100 -104) . A recent cohort study (101) that investigated all patients who were Ն60 yr of age and received a cadaveric renal transplant between 1985 and 2000 in Quebec, Canada, reported that the only modifiable risk factors that were independently associated with patient survival were smoking at the time of transplantation (HR 2.09), body mass index (HR 1.34), and time on dialysis before transplantation (HR 1.1). The data document that smoking is by far the strongest modifiable predictor of mortality in these elderly patients. These data have largely been confirmed by others (104) , even in younger individuals (102) . The magnitude of the negative effect of pretransplantation smoking is quantitatively similar to that of diabetes (102) . A case-control study documented that diabetes (OR 5.56), smoking (OR 3.56), and a previous transplant (OR 2.81) were independently associated with acute coronary syndrome within 2 yr after renal transplantation (105) . Thirtyseven percent of early acute coronary syndrome occurred perioperatively, the majority in the first 3 mo after transplantation. This finding is a strong incentive for preemptive coronary angiography in renal transplant candidates with a smoking history. Ramanathan et al. (106) reported that 33% of patients with type 1 and 48% of patients with type 2 diabetes had a significant stenosis (Ն70%) in at least one coronary artery, and a smoking history increased the risk for CAD by 2%
for each pack-year of smoking. Another important issue is de novo congestive heart failure in renal transplant patients. It has a poor prognosis and has been shown to be associated with smoking in 27,011 transplant recipients of the US Renal Data System (107) . The available evidence has prompted the National Kidney Foundation Working Groups and European Best Practice Guidelines Expert Group on Renal Transplantations to recommend smoking cessation as an important measure in long-term care of renal transplant recipients.
Smoking Cessation
Benefits of Smoking Cessation in Renal Patients
Only a little information is available concerning the beneficial effects of smoking cessation on the course of renal function. The few studies that investigated this issue all found a positive effect, however. Chase et al. (108) observed that in patients who had type 1 diabetes and nephropathy and in whom BP was adequately controlled, cessation of smoking significantly reduced urine albumin excretion, although glycemia was not perfectly controlled. Sawicki et al. (109) performed a prospective follow-up study during 1 yr in a sequential sample of 34 smokers, 35 nonsmokers, and 24 ex-smokers with type 1 diabetes, hypertension, and diabetic nephropathy. They reported that progression of diabetic nephropathy was observed in 53% of current smokers but only 33% of ex-smokers (and 11% of nonsmokers). These data were confirmed in patients with type 2 diabetes (110) (progression in 22% of ex-smokers versus 42% in smokers [and 23% in nonsmokers]) and by documenting reduction of urine TGF-␤ 1 excretion as a marker of renal injury after smoking cessation (51) . Finally, Sung et al. (111) reported that smoking cessation before renal transplantation led to better graft survival as compared with graft recipients who continued smoking after renal transplantation. Taken together, although prospective, randomized intervention studies are lacking, there is sufficient evidence that smoking cessation slows the rate of renal function decline.
Smoking Cessation Strategies in Renal Patients
No studies on the effectiveness of various smoking cessation strategies in renal patients are available. We are aware of one report about the implementation of a clinical practice guideline for treating tobacco use and dependence within a kidney and pancreas transplant program (112) . Such a program is of major importance to reduce the astonishingly high rates of posttransplantation smoking after pancreas (113) , heart (114), and kidney transplantation (111, 115) .
Because no randomized, controlled trials on smoking cessation interventions are available in renal patients, we have to rely on data from the general population. Weaning smokers from their habit is a difficult task, and most physicians do not invest sufficient time to address this problem (116, 117) . Even single minimal interventions are only rarely performed, which is even more true for successive consultations. The concept of stepwise smoking dishabituation is supported by evidencebased consensus recommendations from national and international medical societies and public institutions. Behavioral counseling and extended follow-up are critical to maximize quit rates (118 -120) but may be difficult to adopt because of time constraints and lack of expertise of physicians. It is, however, feasible to perform three easy steps, which should be regarded as mandatory:
First, patients should be asked about their smoking behavior. Those who smoke should be counseled about the adverse health effects, including the less commonly known adverse renal effects of smoking. It cannot be stressed enough that physician advice per se is an effective, evidence-based strategy (121) . In a second step, those who are motivated to stop smoking should be informed about the possibility of drug support (122) , which can double the odds for success (119, 123) . As first-line treatment, this comprises nicotine replacement therapy (NRT; via patch, gum, or nasal spray) alone or in combination with the non-nicotine drug bupropion. There is evidence that combining NRT with bupropion may be more effective than using each drug alone (123) . Second-line treatment includes clonidine (122) . In our opinion, the use of nortriptyline, varenicline, rimonabant, monoamine oxidase inhibitors, or selective serotonin reuptake inhibitors should be discouraged in renal patients because of insufficient data (even in nonrenal patients) and partially unknown or even peculiar pharmacokinetics in renal failure. The third step should be repeated motivation and advice as an integral part of each further routine consultation.
Concerning pharmacotherapy in patients with impaired renal function, one should be aware that nicotine accumulates in renal failure (124) . Reduction of NRT dosage should be envisaged in patients with seriously impaired renal function. A cautious approach is particularly necessary in situations in which the nicotine-related increase in sympathetic activity may have deleterious effects; however, it cannot be expected that NRT is more injurious than continuous smoking. Concerning therapy with bupropion, a dosage reduction in patients with ESRD has been suggested because of significant accumulation of two major active metabolites (125) . Before more information is available, a dosage of 150 mg of bupropion, orally, every 3 d in patients who are on renal replacement therapy seems appropriate (125) . Concerns that bupropion may increase suicide risk are unproved (126) . According to a meta-analysis of 31 trials (126), bupropion doubled the success rate (OR 1.94). Clonidine is also a good choice in renal patients because of its antihypertensive effect, but it is hampered by known adverse effects and has been investigated in only a few trials. According to a meta-analysis of six studies (127) , the pooled OR of clonidine versus placebo was 1.89.
Conclusions
The dramatic worldwide increase of patients with ESRD urges nephrologists to implement preventive strategies. Smoking emerges as an important modifiable renal risk factor on the basis of (1) multiple studies documenting a clear association of smoking and renal damage in individuals of the general population, patients with diabetes, and hypertensive patients; (2) some studies documenting a beneficial effect of smoking cessation on renal outcome; (3) several studies documenting smoking-related alterations that are proved to be harmful for the kidney (e.g., an increase in BP); and (4) experimental evidence proving that cigarette smoke affects mediator systems that are known to be players in the genesis of progressive renal damage, both in vivo and in vitro. Scarcity of data in some areas such as primary renal disease does not implicate absence of evidence. Concerning the adverse effects of smoking on cardiovascular morbidity and mortality in patients with CKD or ESRD, the studies discussed furnish sufficient evidence that smoking confers a similar cardiovascular risk as in the general population.
We hope to have convinced the nephrologic community that motivation of patients to quit smoking should be immediately implemented, because it is certainly the most cost-effective and beneficial strategy against the whole spectrum of CKD, ESRD, and CVD morbidity and mortality in renal patients. The practical guideline for a simple smoking cessation strategy is recommended to be an integral part of renal patient treatment. More sophisticated approaches are needed but are still waiting to be investigated in a clinical study setting.
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